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ABSTRACT
Castration resistant-prostate cancer is largely impervious to feather hormonal 
therapy and hence the outlook for patients is grim. Here we use an approach to attach 
the recently discovered Achilles heel.  The experimental treatment established in this 
VWXG\LVEDVHGRQWKHUHFHQWGLVFRYHU\WKDWLWLVWKH)$%333$5Ǆ9(*)VLJQDOOLQJ
axis, rather than the androgen receptor pathway, played a dominant role in promoting 
the malignant progression of castration resistant prostate cancer cells. Treatments 
have been established in mice by suppressing the biological activity of FABP5 using 
DFKHPLFDOLQKLELWRU6%),7KHLQKLELWRUVLJQL¿FDQWO\VXSSUHVVHGWKHSUROLIHUDWLRQ
migration, invasiveness and colony formation of PC3-M cells in vitro. It also produced 
DKLJKO\VLJQL¿FDQWVXSSUHVVLRQRIERWKWKHPHWDVWDVHVDQGWKHSULPDU\WXPRXUV
developed from cancer cells implanted orthotopically into the prostate glands of the 
PLFH7KHLQKLELWRU6%),LQWHUIHUHVZLWKWKH)$%333$5ǄVLJQDOOLQJSDWKZD\DW
the initial stage of the signal transduction by binding competitively to FABP5 to inhibit 
FHOOXODUIDWW\DFLGXSWDNH7KLVDYRLGVWKHIDWW\DFLGVWLPXODWLRQRI33$5ǄDQGSUHYHQWV
it activating the down-stream regulated cancer-promoting genes. This entirely novel 
experimental approach to treating castration- resistant prostate cancer is completely 
different from current treatments that are based on androgen-blockade therapy. 
INTRODUCTION
Prostate cancer is an important cause of mortality in 
men, mainly in countries where a high dietary ratio of fatty 
acids is consumed [1]. Androgen deprivation therapy (ADT) 
LVWKH¿UVWOLQHWUHDWPHQWIRUDGYDQFHGSURVWDWHFDQFHUDQGLW
is initially effective.  However, in nearly all cases the disease 
eventually relapses within 23 years, with a lethal castration-
resistant prostate cancer (CRPC); this cannot be effectively 
WUHDWHGZLWK$'7DQ\PRUH>@7KXVLGHQWL¿FDWLRQRIQHZ
targets for novel effective therapeutic approaches is urgently 
needed for the effective treatment of CRPC patients. The 
CRPC cells overexpress fatty acid synthase (FASN) and 
acetyl-CoA carboxylase (ACC) which are key enzymes 
involved in synthesis of fatty acids [35]. Fatty acids are not 
only active components of many biological processes, but 
also are essential signal molecules in pathways involved in 
prostate cancer progression, and hence can increase the risk 
of advanced prostate cancer [6, 7] and play an important role 
in carcinogenesis and metastasis of cancer cells [8].
Fatty acid-binding protein 5, or FABP5, is a 15kDa 
F\WRVROLFSURWHLQELQGLQJZLWKDKLJKDI¿QLW\ WRPHGLXP
and long chain fatty acids [9]. After its crucial activity 
in promoting malignant progression in cancer cells was 
initially demonstrated [10, 11], increased FABP5 expression 
LQDUFKLYDOSURVWDWHFDQFHUWLVVXHVLVIRXQGWREHVLJQL¿FDQWO\
associated with a reduced patient survival time. Thus it is a 
valuable prognostic factor [12]. Moreover, investigations in 
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the past few years established that there is a novel fatty acid-
initiated signalling pathway leading to malignant progression 
of prostatic cancer cells. Thus when FABP5 expression is 
increased, excessive amounts of fatty acids are transported 
into the nucleus, where they act as signalling molecules 
WR VWLPXODWH WKHLUQXFOHDU UHFHSWRU33$5Ȗ7KHDFWLYDWHG
33$5Ȗ WKHQ PRGXODWHV H[SUHVVLRQ RI LWV GRZQVWUHDP
UHJXODWRU\ JHQHV ZKLFK ¿QDOO\ OHDG WR HQKDQFHG WXPRXU
expansion and aggressiveness caused by an overgrowth of 
cells with increased angiogenesis and reduced apoptosis 
>@5HFHQWO\ LWZDVVXJJHVWHGWKDW WKH)$%333$5Ȗ
VEGF signalling transduction axis, rather than androgen 
receptor (AR)-modulated signal transduction pathway, that 
is the dominant signalling route in promoting malignant 
progression of CRPC cells [7]. Although the molecular 
mechanism involved in cancer-promoting activity of FABP5 
has been extensively studied, it was not clear whether the 
CRPC can be treated by suppressing the biological activity 
of the oncogenic FABP5. The availability of a highly 
HIIHFWLYHLQKLELWRULVDQLPSRUWDQW¿UVWVWHS,QKLELWLRQRI
FABP5 activity was shown to be effective for treatment 
RI LQÀDPPDWRU\ DQG PHWDEROLF GLVHDVHV E\ FKHPLFDOO\
synthesized inhibitors, e.g. BMS309403 [1417]. Recently 
developed FABP5 inhibitors, approximately 50% inhibitory 
effect of BMS309403, were originally used effectively as 
DQDOJHVLFDQGDQWLLQÀDPPDWRU\DJHQWV LQPLFH >±@
7KHVHLQFOXGHG6%),ĮWUX[LOOLFDFLGQDSKWK\OPRQR
HVWHU 6%), ZDV LQ IDFW WKH DFWLYH FRPSRQHQW RI D
&KLQHVHKHUEDOPHGLFLQH,QFDUYLOOHDVLQHQVLVZKLFKZDV
used to treat pain and rheumatism in humans in Chinese 
traditional medicine since hundreds of years ago [21, 22]. 
,Q D VWUDWHJ\ WR GHYHORS DQWLLQÀDPPDWRU\ DQG
anti-nociceptive reagents by targeting fatty acid protein 
DQDQGDPLGH WUDQVSRUWHUV6%),ZDVXVHG WR LQFUHDVH
the brain anandamide levels and thus to produce analgesia 
HIIHFW > @$OWKRXJK 6%), KDV EHHQ XVHG DV DQ
inhibitor of FABP5 in anandamide transportation in brain, 
its possible effect on cancerous diseases was not known. 
,Q WKLVVWXG\ZH WDUJHWHG WKH)$%3UHODWHGVLJQDOOLQJ
SDWKZD\WRWUHDW&53&LQPLFHE\XVLQJWKH6%),WR
suppress the biological activity of FABP5 and to cut off 
the FABP5-related signalling transduction chain in CRPC 
cells. This is an entirely novel experimental approach 
to treat CRPC and is completely different from current 
treatments that are based on androgen-blockade therapy.
RESULTS
,GHQWL¿FDWLRQRIOHDGLQKLELWRURI)$%3IURPD
JURXSRIFKHPLFDOFRPSRXQGV
The inhibition constants (K
i
) of 3 natural fatty acids 
(linoleic, oleic, palmitic acid) and 4 chemical compounds 
6%), 6%), 6%)7 6%), ZKLFK LQKLELWHG
RIWKHELQGLQJRIÀXRUHVFHQWVXEVWUDWH'$8'$WR
wtrFABP5 were measured to identify the most potent 
inhibitor (Figure 1A).   The K
d
RI'$8'$ZWU)$%3
was 1.86 ± 0.16 µM (Figure 1A/a). The calculated K
i
 
(µM) values (Table B) of linoleic, oleic and palmitic acid 
were 1.58 ± 0.14, 1.89 ± 0.18 and 4.30 ± 0.4, respectively 
(Figure 1A/b, c, d). Thus linoleic acid had the strongest 
ELQGLQJDI¿QLW\IRUZWU)$%37KHPRVWSRWHQWFRPSRXQG
WRELQGZWU)$%3ZDV6%),K
i
 = 1.69 ± 0.15 µM), 
ZKRVHDI¿QLW\ZDVDERXWWLPHVKLJKHUWKDQWKRVHRI
6%),DQG6%),K
i
 = 12.54 ± 2.25 and 12.50 ± 2.07 
µM, respectively). The K
i
 RI6%),GLGQRW FRQYHUJH
)LJXUH$HIJK7KHELQGLQJDI¿QLW\Ki) of the lead 
FRPSRXQG6%),IRUZWU)$%3ZDVVLPLODUWRWKDWRI
WKHEHVWELQGLQJIDWW\DFLGOLQROHLFDFLG'$8'$DVVD\
was performed to ascertain the degree of displacement 
RI'$8'$IURPZWU)$%3E\WKHFKHPLFDOLQKLELWRUV
and the results are shown in Figure 1C. The relative level 
RI ÀXRUHVFHQFH LQWHQVLW\ RI ZWU)$%3 ZLWK '$8'$
was 2.65 ± 0.14. This was reduced to 1.37 ± 0.07, 1.68 
± 0.09 and 1.80 ± 0.08 after adding linoleic, oleic and 
SDOPLWLFDFLGVUHVSHFWLYHO\WRWKHFRPSOH[$IWHU6%),
6%),6%)7DQG6%),ZHUHDGGHGWRWKHFRPSOH[
the intensity was reduced to 1.48 ± 0.06, 2.33 ± 0.08, 
1.95 ± 0.17 and 2.58 ± 0.79, respectively. Linoleic acid 
DQG 6%), SURGXFHG KLJKO\ VLJQL¿FDQW UHGXFWLRQV LQ
ÀXRUHVFHQFHLQWHQVLWLHV6WXGHQW¶Vt test, P < 0.0001). 
,QKLELWRU\HIIHFWRI6%),RQPDOLJQDQW
FKDUDFWHULVWLFVRI3&0FHOOV
5HVXOWV RI WKH LQKLELWRU\ HIIHFW RI 6%), RQ
malignant characteristics of the PC3-M prostate cancer 
cells are shown in Figure 2.  Cytotoxicity tests showed 
WKDW WUHDWPHQW ZLWK 6%), VLJQL¿FDQWO\ VXSSUHVVHG
viability of PC3-M cells in a concentration- dependent 
pattern. Maximum suppression was produced at 100 µM 
IRU6%),IXUWKHULQFUHDVHLQGRVHVGLGQRWSURGXFHDQ\
IXUWKHU VLJQL¿FDQW VXSSUHVVLRQ :KHQ WUHDWHG ZLWK WKLV
RSWLPDO GRVH FHOO QXPEHUV ZHUH VLJQL¿FDQWO\ UHGXFHG
E\6WXGHQW¶Vt test, P)LJXUH$:KHQ
WHVWHGXVLQJD077DVVD\06%),VLJQL¿FDQWO\
reduced the proliferation rate of PC3-M cells by 17-times 
6WXGHQW¶Vt test, P)LJXUH%:KHQWHVWHG
in a cell migration assay (Figure 2C), treatments with 
06%),SURGXFHGRQO\UHGXFWLRQLQZRXQG
VL]H LQ K 7KLV WUHDWPHQW VLJQL¿FDQWO\ VXSSUHVVHG
WKH PLJUDWLRQ UDWHV RI 3&0 FHOOV 6WXGHQW¶V t test, 
p < 0.0001), leading only to small changes in wound gaps 
for the treated group compared to an almost complete gap 
FORVXUHIRUWKHFRQWURO)LJXUH':KHQWHVWHG
in an invasion assay, the mean numbers of invaded cells 
IURPWKHFRQWURODQGWKH3&0FHOOVWUHDWHGZLWK6%),
were 22 ± 3 and 1 ± 1, respectively, representing a highly 
VLJQL¿FDQWVXSSUHVVLRQRILQYDVLRQE\6WXGHQW¶V
t test, P < 0.0001) (Figure 2E). Further tests in soft agar 
showed that the number of colonies formed after 2 weeks 
by control PC3-M cells and PC3-M cells treated with 
Oncotarget31043www.impactjournals.com/oncotarget
)LJXUH'HWHFWLRQRIELQGLQJDI¿QLWLHVRIFDQGLGDWHFRPSRXQGVWRZWU)$%3ZLWK'$8'$GLVSODFHPHQWDVVD\WR
LGHQWLI\WKHOHDGFKHPLFDOLQKLELWRURI)$%3(A) Chart records of bindingDI¿QLW\DQDO\VLVRIGLIIHUHQWIDWW\DFLGVDQGGLIIHUHQW
candidate chemical inhibitors of FABP5. D7LWUDWLRQFXUYHRI'$8'$ELQGLQJWRZWU)$%3)L[HGDPRXQWV0RIZWU)$%3ZHUH
LQFXEDWHGZLWKLQFUHDVLQJFRQFHQWUDWLRQVRI'$8'$±0)RUFDOFXODWLRQRIWKHGLVVRFLDWLRQFRQVWDQWK
d
 values, the excitation 
DQGHPLVVLRQXVHGZDVDQGQPUHVSHFWLYHO\DQGWKHÀXRUHVFHQFHGDWDZDVQRUPDOL]HGWRWKHSHDNÀXRUHVFHQWLQWHQVLW\IRUHDFK
H[SHULPHQWDQGGDWDRIVDPSOHVZLWKRXWSURWHLQZDVVXEWUDFWHG7KHGDWDZDV¿WWHGE\QRQOLQHDUUHJUHVVLRQWHFKQLTXHVXVLQJ*UDSK3DG
Prism software to a saturation binding curve model to estimate the apparent dissociation constant (K
d
DQGPD[LPDOÀXRUHVFHQFHLQWHQVLW\
Oncotarget31044www.impactjournals.com/oncotarget
6%),ZHUHDQGUHVSHFWLYHO\UHSUHVHQWLQJ
DKLJKO\VLJQL¿FDQWLQKLELWLRQE\6WXGHQW¶Vt test, 
p < 0.0001) (Figure 2F). 
(IIHFWRI6%),RQWXPRXULJHQLFLW\DQG
PHWDVWDWLFDELOLW\RI3&0FHOOVLQPRXVH
SURVWDWHJODQG
PC3-M cells were stably transfected with the luciferase 
vector and the 2 transfectant colonies that generated high 
bioluminescence signals were picked and named PC3-M-
Luc8 and 21, respectively (Figure 3A). Further measurement 
ZLWK WKH ,9,6 LPDJH V\VWHP VKRZHG WKDW 3&0/XF
produced the highest level of bioluminescence signal (Figure 
%DQGWKHUHZDVDFRUUHODWLRQEHWZHHQWRWDOÀX[DQGWKH
number of labelled cells (R2 = 0.98) (Figure 3C).  Luciferase-
labelled PC3-M-Luc8 were implanted orthotopically into the 
dorsolateral side of the prostate of each of 2 groups of nude 
mice that were then intraperitoneally injected daily with PBS 
DQG6%),UHVSHFWLYHO\IRUGD\V$WGD\WKHUHZDV
a massive decrease in bioluminescence signal (p/sec/cm2) 
LQ6%),î8) treated group in comparison with 
WKHFRQWUROî8). On the basis of bioluminescence, 
our results showed about 4.9-fold suppression in tumour 
PDVVHVE\6%),RYHUWKRVHRIFRQWUROJURXS6WXGHQW¶V
t test, P)LJXUH',QWKHFRQWUROJURXS
PLFHSURGXFHGPHWDVWDVHV,QWKHJURXSWUHDWHGZLWK
6%),RIPLFHSURGXFHGYLVFHUDOPHWDVWDVLV$
suppression of 50% in metastasis incidence was seen when 
compared to the control group (Figure 3E). Histological 
staining showed that all mice developed metastases in the 
FRQWUROJURXSPDLQO\LQWKHOLYHUDQGOXQJ,QWKH6%),
treated group, half of the mice developed liver metastases 
with no metastasis in the lung. One representative stained 
slide from each group/organ is shown in Figure 3F.    
6%),LQKLELWHGWXPRXULJHQLFLW\RI3&0FHOOV
LQQXGHPLFHLQDVLPLODUZD\WR33$5ȖDQWDJRQLVW
3&0FHOOVZHUHLQRFXODWHGLQWRWKHULJKWÀDQNRI
QXGHPLFHDQGWKH)$%3LQKLELWRU6%),ZDVLQMHFWHG
VXEFXWDQHRXVO\LQWRWKHÀDQNRIWKHPLFHWRFRPSDUHLWV
DQWLFDQFHUHIIHFWZLWKWKDWRI33$5ȖDQWDJRQLVW)LJXUH
Although remarkable suppression of tumour growth was 
found in mice treated with the inhibitor (Figure 4B), 
QR VLJQL¿FDQW GLIIHUHQFH LQ WUHDWPHQW HIIHFWZDV IRXQG
when inhibitor was applied from day 1 or from day 7 
after the inoculation.  On termination, average volumes 
RI WXPRXUV LQ WKH JURXS WUHDWHG ZLWK 6%), ZDV 
± 86 mm3, compared to 627 ± 120 mm3 in the control 
JURXSVLJQL¿FDQWVXSSUHVVLRQVRI6WXGHQW¶V t test, 
p   )LJXUH $ DQG % :KHQ WXPRXUV ZHUH
weighed on termination, the difference between control 
and treated group was similar to that measured by tumour 
volume (Figure 4C). To study possible suppression by 
33$5Ȗ DQWDJRQLVW *: PLFH ZHUH LQMHFWHG ZLWK
3%6DQGZLWK*: UHVSHFWLYHO\ IURPGD\DIWHU
inoculations (Figure 4E). Compared to the average size 
of tumours (774 ± 202 mm3) in control group, the average 
VL]HRIWXPRXUVLQWKHJURXSWUHDWHGZLWK*:ZDV
reduced to only 252 ± 84 mm3 D KLJKO\ VLJQL¿FDQW
VXSSUHVVLRQ E\  6WXGHQW¶V t test, p < 0.0001) 
)LJXUH ' :KHQ WXPRXU ZHLJKW ZDV PHDVXUHG DW
autopsy, the difference between control and the treated 
group was similar to that measured by tumour volume 
(Figure 4F).
6%),LQKLELWHGIDWW\DFLGXSWDNHRI)$%3LQ
3&0FHOOV
To investigate possible effect of FABP5 inhibitors 
on fatty acid uptake of PC3-M cells, a fatty acid uptake 
DVVD\ ZDV SHUIRUPHG XVLQJ UHG ÀXRUHVFHQFHODEHOOHG
IDWW\DFLG%2',3<)LJXUH8QVWDLQHGFHOOVZLWKRXW
%2',3< ZHUH SUHVHQW LQ 0 ]RQH )LJXUH $ DQG
%2',3<VWDLQHGFHOOVZHUHSUHVHQW LQ0]RQHDIWHU
PLQ LQFXEDWLRQ )LJXUH % ,Q FRQWUDVW WR EHQLJQ
317VLJQL¿FDQWO\PRUH WKDQDQGRIFHOOV
took up fatty acid in moderately malignant 22RV1 and 
KLJKO\PDOLJQDQW3&06WXGHQW¶Vt test p < 0.01 and p 
< 0.001) cells, respectively. Levels of fatty acid uptake 
between benign PNT2 and weakly malignant LNCaP 
cells were similar (Figure 5C). The effect of increasing 
FRQFHQWUDWLRQRI6%),RQIDWW\DFLGXSWDNHLQ3&0
(B
max
). The apparent dissociation constant (K
d
IRU'$8'$WRZWU)$%3ZDVFDOFXODWHGWREH± 0.16 µM. (b, c, d,QKLELWLRQFRQVWDQW
K
i
ELQGLQJDI¿QLW\RI/LQROHLF2OHLFDQG3DOPLWLFDFLGVELQGLQJWRZWU)$%37KHK
i
 was measured to determine the potency of binding 
RIWKHVHIDWW\DFLGVZLWKZWU)$%3E\HYDOXDWLQJWKHLUDELOLW\WRGLVSODFH'$8'$7KHGDWDZHUHFROOHFWHGE\GLVSODFHPHQWRI0
'$8'$IURP0ZWU)$%3LQWKHSUHVHQFHRIGLIIHUHQWFRQFHQWUDWLRQVRIHDFKIDWW\DFLG±0$OOGDWDZHUH¿WWHGWRDRQHVLWH
ELQGLQJDI¿QLW\PRGHOE\QRQOLQHDUUHJUHVVLRQWHFKQLTXHVXVLQJ*UDSK3DG3ULVPVRIWZDUHWRHVWLPDWHWKHELQGLQJDI¿QLW\7KHK
i
 of each 
OLJDQGZDVGHWHUPLQHGXVLQJWKHHTXDWLRQKi = IC
50
'$8'$FRQFHQWUDWLRQK
d
7KHELQGLQJDI¿QLW\RI/LQROHLFDFLG (K
i 
= 1.57 µM) 
was higher than that of Oleic and Palmitic acids (K
i 
= 1.88 and 4.30 µM, respectively). (e, f, g),QKLELWLRQFRQVWDQWK
i 
RI6%),6%),
6%),DQG6%),WRZWU)$%37KHGDWDZHUHFROOHFWHGE\GLVSODFHPHQWRI0'$8'$IURP0ZWU)$%3LQWKHSUHVHQFHRI
different concentrations (0.520 µMRIHDFKFKHPLFDOFRPSRXQG$OOGDWDZHUH¿WWHGWRDRQHVLWHELQGLQJDI¿QLW\PRGHOE\QRQOLQHDU
UHJUHVVLRQWHFKQLTXHVXVLQJ*UDSK3DG3ULVPVRIWZDUHWRHVWLPDWHWKHELQGLQJDI¿QLW\7KHELQGLQJDI¿QLW\RI6%), (K
i
 =1.68 µM) was 
the highest amongst the 4 compounds. (%K
i 
values of 3 different fatty acids and 4 different candidate chemical inhibitors. (&Fluorescence 
LQWHQVLW\RIGLVSODFHPHQWRI0'$8'$ELQGLQJIURP0ZWU)$%3LQWKHSUHVHQFHRI0RIGLIIHUHQWIDWW\DFLGVDQGGLIIHUHQW
FDQGLGDWHFKHPLFDOLQKLELWRUV7KHYDOXHRIÀXRUHVFHQFHLQWHQVLW\SURGXFHGE\WKHEXIIHUDQG'$8'$SOXVZWU)$%3 was set as control. 
7KHUHVXOWVPHDQ6(ZHUHREWDLQHGIURPVHSDUDWHH[SHULPHQWVWDLOHGXQSDLUHG6WXGHQW¶V t test, ***P < 0.0001). 
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)LJXUH  ,QKLELWRU\ HIIHFW RI 6%), RQ SUROLIHUDWLRQ PLJUDWLRQ LQYDVLRQ DQG DQFKRUDJHLQGHSHQGHQW JURZWK RI
WKHDQGURJHQLQGHSHQGHQW3&0SURVWDWHFDQFHUFHOOV(A'HWHUPLQDWLRQRIWKHRSWLPDOLQKLELWRU\FRQFHQWUDWLRQRI6%),
at which the maximum suppression of cell growth is achieved. MTT assay was performed to measure the viable PC3-M cell numbers of 
WKHFRQWUROXQWUHDWHGDQGWKRVHWUHDWHGZLWKGLIIHUHQWFRQFHQWUDWLRQVRI6%),IRUKB,QKLELWRU\HIIHFWRI06%),RQ
proliferation of PC3-M cells over the 7day experimental period. (C) Representative photos of the wound healing assay. PC3-M cells were 
grown in 6-well plates to form a monolayer. Scratches were made using 1 mL sterile pipette tip. Cell migration capacity was measured by 
WKHUHGXFWLRQLQZRXQGVL]HLQFRQWURODQGLQFXOWXUHVWUHDWHGZLWK06%),REVHUYHGDWDQGKRXUVDIWHUWUHDWPHQW
The scale bar is 250 µm. (D$YHUDJHZRXQGVL]HVPRIWKHFRQWURO3&0DQGFXOWXUHVWUHDWHGZLWK06%),REVHUYHGDW
DQGKRXUVDIWHUWUHDWPHQW'DWDZDVFROOHFWHGE\PHDVXULQJLPDJHRIWKHZRXQGVSDFHDQGDQDO\]HGE\,PDJH-VRIWZDUH1DWLRQDO
,QVWLWXWHVRI+HDOWKE1XPEHURILQYDGLQJFHOOVIURPWKHFRQWURO3&0FHOOVDQGFXOWXUHVWUHDWHGZLWK06%),IRUK
after different treatments. Results (mean ± SE) are obtained from three separate measurements. Scale bar is 250 µm. ()) Colonies produced 
E\WKHFRQWURO3&0FHOOVDQGFXOWXUHVWUHDWHGZLWK06%),LQVRIWDJDUZHHNVDIWHUWKHGLIIHUHQWWUHDWPHQWV5HVXOWV
(mean ± SE) are obtained from three separate plates in each treatment. The inserted picture was a representative plate from each of the 3 
treatments. All in vitroUHVXOWVZHUHVXEMHFWHGWRWDLOHGXQSDLUHG6WXGHQW¶Vt test and *P < 0.05; **P < 0.001; ***P < 0.0001.
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)LJXUH,QKLELWRU\HIIHFWRI6%),RQWXPRULJHQLFLW\DQGPHWDVWDWLFDELOLW\RI3&0FHOOVLPSODQWHGRUWKRWRSLFDOO\
LQWRWKHSURVWDWHJODQGRIWKHQXGHPRXVH(A) Establishment of stable PC3-M colonies expressing strong bioluminescence signals 
by pGL4.50 [luc2/CMV/Hygro] vector transfection.  Relative light units (mean ± SE) of the PC3-M parental cells and 33 colonies derived 
IURP3&0FHOOVZHUHREWDLQHGIURPVHSDUDWHPHDVXUHPHQWV,QGLYLGXDOFRORQLHVZHUH LVRODWHGE\ULQJFORQLQJDQGFRORQLHV WKDW
VWDEO\H[SUHVVHGWKHKLJKHVWELROXPLQHVFHQFHVLJQDOVZHUHLGHQWL¿HGXVLQJ'OXFLIHULQ3URPHJDZLWKD9DULRVNDQ)ODVK5HDGHU7KHUPR
6FLHQWL¿FB) Detailed observation of the intensities of the bioluminescence images of the serially-diluted (20-100000) parental PC3-M 
cells and 3 representative PC3M-Luc transfectants. Association of the luminescence intensity with the number of cells was assessed by an 
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FHOOV ZDV GHWHUPLQHG XVLQJ D ¿[HG FRQFHQWUDWLRQ RI
%2',3<)LJXUH':KHQLQRFXODWHGZLWK6%),
cellular fatty acid uptake into PC3-M cells was reduced 
from 92.9% in the control in a dose-dependent manner, 
the maximum reduction with 100 µM was 67.7% 
(Figure 5E). 
6%),LQKLELWHG33$5ȖDFWLYDWLRQ
7KH HIIHFW RI )$%3 LQKLELWRU 6%), RQ OHYHOV
RIELRORJLFDOO\DFWLYH33$5ȖRUSKRVSKRU\ODWHG33$5Ȗ
S33$5Ȗ DQG
 
S33$5Ȗ LQ EHQLJQ DQG PDOLJQDQW
SURVWDWHHSLWKHOLDOFHOOV LVVKRZQLQ)LJXUH :HVWHUQ
EORWGHWHFWHGD33$5ȖEDQGDWN'DLQPRVWRIWKHFHOO
OLQHVXVHG)LJXUH$:KHQWKHOHYHORI33$5ȖLQ317
ZDVVHWDWUHODWLYHOHYHOVRI33$5ȖLQ/1&D359
'83&DQG3&0ZHUH
0.22 ± 0.001, 0.4 ± 0.0 and 0.64 ± 0.04, respectively 
)LJXUH % :KHQ :HVWHUQ EORW ZDV XVHG WR GHWHFW
S33$5Ȗ  EDQGV UHSUHVHQWLQJ LVRIRUPV RI S33$5Ȗ
DQGS33$5ȖZHUHIRXQGDWDQGN'DUHVSHFWLYHO\
)LJXUH & ,I OHYHOV RI S33$5Ȗ DQG S33$5Ȗ LQ
PNT2 were set at 1 and 1, relative levels in LNCaP, 
59'83&DQG3&0ZHUHDQG
± 0.5; 25.4 ± 1.8 and 47.0 ± 1.7; 26.99 ± 1.72 and 85.5 ± 
14.5; 12.08 ± 1.8 and 30 ± 5; and 21.99 ± 2.63 and 80 ± 5, 
UHVSHFWLYHO\)LJXUH'/HYHOVRIS33$5ȖSDUWLFXODUO\
S33$5ȖZHUHVLJQL¿FDQWO\LQFUHDVHGLQDOOPDOLJQDQW
FHOOOLQHV6WXGHQW¶Vt test, p < 0.001). To investigate the 
HIIHFWRI)$%3LQKLELWRU6%),RQS33$5Ȗ3&0
FHOOV ZHUH WUHDWHG ZLWK 6%), *: DQG 33$5Ȗ
DJRQLVW5RVLJOLWD]RQHIRUKRXUV)LJXUH(,IOHYHOV
RI S33$5Ȗ DQG S33$5Ȗ LQ XQWUHDWHG FHOOV ZHUH
VHW DW  DQG  WKH OHYHOV DIWHU WUHDWPHQW ZLWK 6%),
DQG *: ZHUH UHGXFHG VLJQL¿FDQWO\ E\  DQG
DQGUHVSHFWLYHO\6WXGHQW¶V t test, p < 
0.001). However, in those cells treated with rosiglitazone, 
VLJQL¿FDQWO\LQFUHDVHGOHYHOVRIERWKS33$5ȖLVRIRUPV
ZHUHREVHUYHG 6WXGHQW¶V t test, p < 0.01) (Figure 6F). 
:KHQWUHDWPHQWVZLWKZWU)$%36%),ZHUHWHVWHGLQ
androgen-sensitive 22RV1 cells (Figure 6G), wtrFABP5 
VLJQL¿FDQWO\ LQFUHDVHG OHYHOV RI ERWK S33$5Ȗ DQG 
6WXGHQW¶V t test, P < 0.01) (Figure 6H). But treatment 
ZLWKWKHLQKLELWRU6%),VXSSUHVVHGWKHOHYHOVRIERWK
S33$5ȖLVRIRUPV
DISCUSSION
Since it was discovered that prostate cancer cell 
growth is dependent on the promoting effect of male 
hormone supplied through peripheral blood circulation 
[23], ADT targeting AR and circulating androgen has 
been the main therapeutic method to treat prostate cancer 
patients during the past 4 decades. However, the disease 
relapses within a period of time with a more aggressive 
form, called androgen-independent prostate cancer 
or castration resistant prostate cancer which does not 
respond to ADT effectively anymore. The conversion of 
androgen-dependent cancer cells to androgen independent 
CRPC cells is a fundamental change and the molecular 
mechanisms involved in this change is not fully known. 
Currently, there are a number of different hypotheses on 
how the androgen-dependent cells were transformed to 
androgen-independent cells. The main theory is that the 
ELRORJLFDO VHQVLWLYLW\ RI$5 LV DPSOL¿HG DIWHU WKH ¿UVW
URXQGRI$'7WRVXFKDQH[WHQWWKDWHYHQPLFURTXDQWLWLHV
of remaining hormone in peripheral blood can still promote 
the malignant progression of CRPC cells [24]. Thus further 
ADT on CRPC was a general clinical practice.  However, 
some opposite opinions to this practice were proposed 
recently [25]. Our previous work suggested that AR 
may not be relevant to malignant progression of CRPC 
DQG WKDW WDUJHWLQJ )$%3 33$5Ȗ9(*) D[LV UDWKHU
than the AR-mediated signalling pathway, which was 
gradually replaced by the FABP5-related pathway as the 
reduced androgen-dependency, could be a more effective 
ZD\IRU&53&WUHDWPHQW>@+HUHIRUWKH¿UVWWLPHZH
targeted the oncogenic FABP5 and its related signal 
transduction pathway and successfully used a chemically-
synthesized FABP5 inhibitor to treat CRPC in nude mice 
by suppressing the biological activity of FABP5.
A group of 4 chemical compounds capable 
of suppressing the transportation of anandamide by 
FABP5, was originally used as anti-nociceptive and anti-
LQÀDPPDWRU\DJHQWV7KH\ZRUNHGE\LQFUHDVLQJOHYHOV
of brain anandamide transported by FABP5 and produced 
DQDOJHVLD > @ 7KH '$8'$ GLVSODFHPHQW DVVD\
showed that 3 of these 4 compounds had the ability to 
bind to wtrFABP5, just as well as the 3 fatty acids tested 
(Figure 1). The dissociation constant (K
d
) for titration 
RI '$8'$ ZLWK ZWU)$%3 ZDV ZLWKLQ WKH UDQJH RI
the other FABPs [26]. Although Linoleic acid had the 
,9,6LPDJLQJV\VWHP3HUNLQ(OPHU7KHFRORUEDURQWKHULJKWLQGLFDWHVWKHVLJQDOLQWHQVLW\UDQJHSKRWRQVVHFRQGFP2). (C) Correlation 
EHWZHHQ WKH ELROXPLQHVFHQFH ÀX[ LQWHQVLW\ SKRWRQVVHFRQG DQG WKH QXPEHU RI FHOOV GHULYHG IURP  GLIIHUHQW 3&0/XF FRORQLHV
(D:KROHERG\WXPRUELROXPLQHVFHQFHÀX[SURGXFHGE\HDFKJURXSRIQXGHPLFHDIWHURUWKRWRSLFLPSODQWDWLRQRIOXFLIHUDVHODEHOOHG
3&0FHOOVDQGWUHDWHGZLWK3%6FRQWURO6%),PJNJIRUGD\V9DOXHVZHUHSORWWHGDVPHDQ6(HUURUEDUVn = 8); the 
GLIIHUHQFHEHWZHHQWKHFRQWURODQGHDFKRI WKHWHVWLQJJURXSVZDVDVVHVVHGE\WZRWDLOHGXQSDLUHG6WXGHQW¶V t test ***P < 0.0001. (E)
Ventral bioluminescence images of primary tumors and metastases in all groups of experimental mice 25 days after treatment. The color 
bar on the right indicates the signal intensity range (photons/second/cm2). ()) Representative photomicrographs of detection of liver and 
OXQJPHWDVWDVHV DUURZV IURPPLFHZKLFKUHFHLYHG LQMHFWLRQRI3%6DQG6%),6HFWLRQVRI WLVVXHVZHUHVWDLQHGZLWK+	(
0DJQL¿FDWLRQîDQGVFDOHEDULVP$OODQLPDOZRUNZDVSHUIRUPHGLQDFFRUGDQFHZLWK8.&&&5JXLGHOLQHVXQGHU+RPH2I¿FH
License PPL40/2963.
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)LJXUH(IIHFWRI6%),RU*:RQWXPRULJHQLFLW\LQSURVWDWHFDQFHU[HQRJUDIWPLFH($Average volume of tumors 
produced by each group of male nude mice after subcutaneous inoculation of PC3-M cells î6) DQGWUHDWHGZLWK3%6FRQWURORU6%),
(1 mg/kg) for 31 days; started on day 1 and day 7 after inoculation. Values are plotted as mean ± SE (error bars) (n = 8); difference between 
WKHFRQWUROJURXSDQGWKHH[SHULPHQWDOJURXSVZHUHDVVHVVHGE\WDLOHGXQSDLUHG6WXGHQW¶V t test, **P < 0.001. (B) Representative mouse 
DQGLWVFRUUHVSRQGLQJWXPRUVIURPFRQWURODQG6%),WUHDWHGJURXSV&$YHUDJHZHLJKWPJRIWXPRXUVIURPFRQWURODQG6%),
treated groups of mice. Values were plotted as mean ± SE (error bars). The differences between the control and the experimental groups were 
DVVHVVHGE\WDLOHGXQSDLUHG6WXGHQW¶V t test **P < 0.001. (' Average volume of tumors produced by each group of male nude mice after 
VXEFXWDQHRXVLQRFXODWLRQZLWK3&0FDQFHUFHOOVDQGWUHDWHGZLWK3%6FRQWURODQG33$5ȖDQWDJRQLVW*:PJNJIRUGD\V
Values were plotted as mean ± SE (error bars) (n = 5); differences between the control and the experimental groups were assessed by 2-tailed 
XQSDLUHG6WXGHQW¶V t test ***P < 0.0001. (E)5HSUHVHQWDWLYHPRXVHDQGLWVFRUUHVSRQGLQJWXPRUIURPHDFKRIWKHFRQWURODQG*:
groups.)Average weight (mg) of tumours in the control and experimental groups of mice. Values were plotted as mean ± SE (error bars). 
'LIIHUHQFHVEHWZHHQWKHFRQWURODQGWKHH[SHULPHQWDOJURXSVZHUHDVVHVVHGE\WDLOHGXQSDLUHG6WXGHQW¶V t test ***P < 0.0001.
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KLJKHVWELQGLQJDELOLW\DPRQJVWWKHIDWW\DFLGV6%),
inhibited the highest FABP5 binding ability amongst the 
FRPSRXQGVDQGWKXVZDVLGHQWL¿HGDVWKHOHDGLQKLELWRU
of FABP5 for suppressing its fatty acid-binding ability. 
Androgen-independent prostate cancer cell line PC3-M, 
H[SUHVVLQJKLJKOHYHOVRI)$%3DQG33$5Ȗ>@ZDV
DQH[WUHPHO\PDOLJQDQWDQGPHWDVWDWLFFHOOOLQH:KHQ
the biological function of FABP5 was inhibited using 
6%),VLJQL¿FDQWDQWLSUROLIHUDWLRQDQWLLQYDVLYHDQWL
migration and anti-anchorage-independent growth in vitro 
XVLQJ3&0FHOOOLQHZDVREVHUYHG)LJXUH6%),
DVDOHDGLQKLELWRURI)$%3VKRZHGHI¿FLHQWDQWLWXPRXU
roles in the mouse model for primary tumours implanted 
in the prostate gland (by 4.9- fold) and inoculated in the 
ÀDQNE\&RPSDUHGWRWKHFRQWUROJURXSLQZKLFK
DOOPLFHGHYHORSHGPHWDVWDVHV6%),WUHDWPHQW
suppressed metastases in half of the mice of the treated 
JURXS7KHVHUHVXOWVVXJJHVWWKDW6%),FDQEH
used as an anti-tumour agent to treat CRPC.
,QFUHDVHG OHYHOV RI )$%3 SOD\ D FUXFLDO UROH
in promoting malignant progression in CRPC cells by 
binding and transporting increased amounts of fatty 
DFLGVWRVWLPXODWH33$5Ȗ>@,WLVNQRZQWKDW
increases in uptake of fatty acids will contribute to the 
switch in energy production from aerobic to anaerobic 
sources as well as the downstream effect of increased 
production of VEGF to stimulate angiogenesis. These 
changes are induced by increased levels of FABP5 and 
may contribute to the amelioration of the effects of 
chronic hypoxia which is known to occur as prostate 
FDQFHUGHYHORSV >@ ,Q WKLVZRUNZHVKRZHG WKDW
WKHWUHDWPHQWRI3&0FHOOVZLWKWKH33$5ȖDQWDJRQLVW
*: SURGXFHG D EHWWHU VXSSUHVVLRQ RI WXPRXU
JURZWKWRWKDWREWDLQHGE\6%),)LJXUH7KLVUHVXOW
suggests that the suppressive mechanisms of the inhibitor 
PD\EHUHODWHGWRWKH)$%333$5ȖVLJQDOWUDQVGXFWLRQ
SDWKZD\>@,QFRQ¿UPDWLRQZHVKRZHGQRWRQO\WKHIDWW\
acid uptake was increased with increasing malignancy of 
SURVWDWH FDQFHU FHOOV EXW DOVR WKDW 6%), SURGXFHG D
remarkable reduction in fatty acid uptake into PC3-M cells 
)LJXUH7KHVHUHVXOWVVXJJHVWWKDW6%),PD\EHD
competitive inhibitor for FABP5 and hence prevent intra- 
and extra-cellular fatty acids from being transported into 
the cytoplasm. The reduced fatty acid uptake produced by 
6%),PD\UHVXOWLQDUHPDUNDEOHUHGXFWLRQRUFHVVDWLRQ
RIWKHVWLPXODWLRQRI33$5ȖE\IDWW\DFLGV7KXV33$5Ȗ
may no longer be able to upregulate the down-stream 
cancer-promoting genes, such as VEGF, and to suppress 
apoptosis [32, 33]. 
2XU UHFHQW VWXG\ VKRZHG WKDW WKH )$%333$5Ȗ
VEGF signalling transduction axis, not the androgen 
receptor-initiated pathway, is a dominant route for 
WUDQVGXFWLRQRIPDOLJQDQWVLJQDOVLQ&53&FHOOV>@,QWKLV
D[LVWKHUROHRI33$5ȖLVHVVHQWLDO7KXVDOWKRXJKWKHWRWDO
33$5ȖH[SUHVVHGLQWKHPDOLJQDQWFHOOOLQHVZDVQRWKLJKHU
than that in the benign PNT2 cells (Figure 6A, 6B), both 
ELRORJLFDOO\DFWLYDWHG33$5ȖLVRIRUPVRUSKRVSKRU\ODWHG
33$5Ȗ S33$5Ȗ DQG S33$5Ȗ > @ LQFUHDVHG
with increasing cellular malignancy (Figure 6C, 6D). The 
S33$5ȖLVRIRUPVLQ3&0FHOOVZKLFKZHUHH[SUHVVHG
in high levels and were further increased by rosiglitazone 
33$5Ȗ DJRQLVW WKHLU OHYHOV KDG JUHDWO\ UHGXFHG E\
WUHDWPHQWV ZLWK 6%), DQG *: )LJXUH ( )
7KHVHUHVXOWVVXJJHVWWKDW6%),PD\DFWDVDQLQKLELWRU
to block the stimulation of fatty acids transported by wild 
W\SH)$%3DQGKHQFHSUHYHQWDFWLYDWLRQRI33$5Ȗ33$5Ȗ
is a fatty acid receptor localised in the nuclear membrane 
>±@7KXVWKHLQKLELWLRQRISKRVSKRU\ODWLRQE\6%),
LVOLNHO\WRFDXVHLQKLELWLRQRIIDWW\DFLGXSWDNH,WKDVEHHQ
VXJJHVWHGWKDW6%),LVDZHDNDJRQLVWRI33$5Ȗ>@
6LQFH6%),VXSSUHVVHGIDWW\DFLGXSWDNHE\UHSODFLQJIDWW\
DFLGVZKLFKELQGWR)$%3LWLVSRVVLEOHWKDWVRPH6%),
PD\ EH GHOLYHUHG WR DFWLYDWH 33$5Ȗ LQ D PXFK ZHDNHU
way than with the fatty acids. This may be the reason why 
6%),SURGXFHGDVOLJKWO\ORZHUGHJUHHRIVXSSUHVVLRQLQ
WXPRXULJHQLFLW\ DQGPHWDVWDVLV WKDQ*:$OWKRXJK
6%),GLGQRWSURGXFHDFRPSOHWHLQKLELWLRQRI&53&LWV
WKHUDSHXWLFHIIHFWZDVKLJKO\VLJQL¿FDQW
33$5Ȗ LVKLJKO\H[SUHVVHGLQDGLSRVH WLVVXHDQG
plays an important role to regulate adiposity and insulin 
sensitivity [39]. Two biologically active isoforms of 
33$5Ȗ33$5ȖDQG33$5ȖDUHH[SUHVVHG LQKXPDQ
WLVVXHV>@7KHSRWHQWLDORIXVLQJ33$5ȖDVDGLUHFW
target for cancer treatment has been widely investigated 
during the past decade but still remains debatable.  Both 
33$5ȖDJRQLVWDQGDQWDJRQLVWKDYHVKRZQVRPHDQWLFDQFHU
HIIHFW WKURXJK 33$5ȖGHSHQGHQW DQG LQGHSHQGHQW
pathway [40, 41]. However, there are safety concerns: 
side effects, including dose limited side effects linked 
WR33$5ȖGUXJWUHDWPHQWVLQFUHDVHGWKHULVNRIFDUGLDF
)LJXUH)DWW\DFLGXSWDNHRIGLIIHUHQWSURVWDWHHSLWKHOLDOFHOOOLQHVDQGLQKLELWRU\HIIHFWRI6%),LQ3&0FHOOV
(A5HSUHVHQWDWLYHKLVWRJUDPVIRUXQVWDLQHG317/1&D359,DQG3&0FHOOVZLWKRXWDGGLQJ%2',3<ODEHOOHGIDWW\DFLG7KHPDUNHU
M1 highlights negative peaks of the subclass control. (B5HSUHVHQWDWLYHKLVWRJUDPVIRUÀXRUHVFHQFHRIVWDLQHG317/1&D359,DQG
3&0FHOOVPLQDIWHUDGGLQJ%2',3<ODEHOOHGIDWW\DFLGDQGWKHPDUNHU0LVSODFHGWRWKHULJKWRI0WRKLJKOLJKWSRVLWLYHHYHQWV
WRWDOSHUFHQWDJHRIFHOOVZLWK%2',3<ODEHOHGIDWW\DFLGC3HUFHQWDJHVRIFHOOVWDNLQJXS%2',3<ODEHOOHGIDWW\DFLGIURPGLIIHUHQW
prostate epithelial cell lines. (D5HSUHVHQWDWLYHKLVWRJUDPVIRU IDWW\DFLGXSWDNHRI3&0FHOOVDWD¿[HGFRQFHQWUDWLRQRI%2',3<
ODEHOOHGIDWW\DFLGZLWKGLIIHUHQWFRQFHQWUDWLRQVRI6%),0XQVWDLQHGFHOOV0VWDLQHGFHOOVE) Percentages of cells with fatty acid 
XSWDNHIURP3&0FRQWUROXQWUHDWHGDQGWKRVHWUHDWHGZLWKGLIIHUHQWFRQFHQWUDWLRQVRI6%),IRUPLQZLWKD¿[HGFRQFHQWUDWLRQRI
%2',3<ODEHOOHGIDWW\DFLG)OXRUHVFHQFHLQWHQVLW\RIHDFKFHOOOLQHZDVPHDVXUHGZLWKDQ(3,&6;/&\WRPHWHU%HFNPDQDWQP
DQGGDWDDQDO\VLVZDVSHUIRUPHGZLWK6<67(0,,6RIWZDUH9DOXHVZHUHSORWWHGDVPHDQ6(HUURUEDUV7KHGLIIHUHQFHVEHWZHHQWKH
FRQWURODQGWKHH[SHULPHQWDOJURXSVZHUHDVVHVVHGE\WDLOHGXQSDLUHG6WXGHQW¶Vt test.  *P < 0.01; **P < 0.001.
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IDLOXUHDQGSRWHQWLDOFDUFLQRJHQLFLW\ LQ URGHQWV >@ ,Q
DGGLWLRQ33$5ȖDJRQLVW LQKLELWRUVKDYHEHHQVKRZQWR
suppress cell growth and induce apoptosis of prostate 
FDQFHUFHOOVE\ERWK33$5ȖGHSHQGHQWJHQRPLFDQG
independent (non-genomic) signalling pathways. Thus 
it remains unclear whether the non-genomic effects are 
HVVHQWLDOO\RQ33$5ȖSDWKZD\V>@*:LVDSRWHQW
LUUHYHUVLEOH DQG VHOHFWLYH 33$5Ȗ DQWDJRQLVW DQG LW KDV
been reported to inhibit growth of human breast cell line 
LQ D 33$5Ȗ LQGHSHQGHQW PDQQHU >@ +RZHYHU WKH
UHVXOWV IURP DQRWKHU VWXG\ LQGLFDWHG WKDW *: KDV
a protective role in cancer by blocking cannabinoids-
induced apoptosis in xenograft-induced tumours in mice 
>@,WZDVIRXQGWKDW*:KDVDVLJQL¿FDQWHIIHFW
on adipose tissue weight and glucose metabolism in 
vivo,I*:LVDGPLQLVWUDWHGFRQWLQXRXVO\IRUDORQJ
time, it can reduce weight and suppress any increase in 
WKHDPRXQWRIYLVFHUDO DGLSRVH WLVVXH >@ ,QDGGLWLRQ
*: XSUHJXODWHV WKH H[SUHVVLRQ RI VHYHUDO JHQHV
associated with the transcription, processing, splicing and 
translation of RNA [47]. Although our results in this study 
VKRZHGWKDW*:SURGXFHGVLJQL¿FDQWUHGXFWLRQLQWKH
sizes of tumours developed from cancer cells inoculated 
VXEFXWDQHRXVO\LQÀDQNVRIWKHPLFHXVLQJ*:DVD
therapeutic reagent is hardly possible because of its none-
VSHFL¿FLW\,QIDFWGXHWRWKHYHUVDWLOHQDWXUHRI33$5ȖLQ
LWVELRORJLFDOIXQFWLRQWDUJHWLQJ33$5ȖGLUHFWO\IRUFDQFHU
WUHDWPHQWLVDOVRGLI¿FXOWWRDFKLHYH
Previous work suggested that the dependency of 
the prostate cancer cells on the FABP5-related pathway 
was gradually increased with a correspondingly reduced 
dependency on the AR-initiated pathway until the 
IRUPHUEHFDPHFRPSOHWHO\GRPLQDQW>@,QWKLVVWXG\LQ
androgen-responsive, moderately-malignant 22RV1 cells, 
6%),SURGXFHGD UHGXFWLRQ LQERWK33$5ȖDFWLYDWHG
isoforms by an average of 33.5% (Figure 6G, 6H). This 
level of reduction was much lower than that caused by 
6%), LQ WKHDQGURJHQLQGHSHQGHQWKLJKO\PDOLJQDQW
PC3-M cells (average reduction was about 50%). These 
UHVXOWV VXJJHVW WKDW WKH SURSRUWLRQ RI DFWLYDWHG 33$5Ȗ
regulated by the FABP5-related pathway was much higher 
in PC3-M cells than that in 22RV1 cells, a result which 
suggests that treatment by suppression of the FABP5-
pathway is more effective in CRPC cells. This supports the 
SUHYLRXV¿QGLQJWKDW$'7ZRXOGORVHLWVHIIHFWJUDGXDOO\
as the cancer cell become more independent of androgen 
for growth and is consistent with the eventual loss of AR 
receptor in most advanced cancers [7, 25].  
,QVXPPDU\ZHKDYHWDUJHWHGWKH)$%333$5Ȗ
signalling pathway by suppressing the biological activity 
of oncogenic FABP5 so that the signalling molecules fatty 
DFLGVFDQQRWEHSDVVHGWR33$5Ȗ7KXVWKLVVLJQDOOLQJ
axis is ceased to functioning due to the lack of fatty acids 
VWLPXODWLRQ 7KHUHIRUH WKH )$%3 LQKLELWRU 6%),
supressed the malignant progression of CRPC by cutting 
off the FABP5-related signalling transduction chain at the 
initial stage and it may be a candidate reagent for a CRPC 
treatment.
0$7(5,$/6$1'0(7+2'6
&HOOOLQHVDQGFKHPLFDOLQKLELWRUV
The benign cell line PNT2 [48], highly malignant, 
DQGURJHQLQGHSHQGHQWFHOOOLQHV'8>@3&>@DQG
PC3-M [51], the moderately malignant, androgen-responsive 
cell line 22RV1 [52], and the weakly malignant cell line 
LNCaP [53] were cultured and maintained in 1640 medium 
,QYLWURJHQVXSSOHPHQWHGZLWK)&6%LRVHUD8
P/ SHQLFLOOLQ DQG  ȝJP/ VWUHSWRP\FLQ ,QYLWURJHQ
)RU/1&D3FHOOVȝJP/VRGLXPS\UXYDWH6LJPDZDV
added to the culture medium. Chemically synthesized FABP5 
LQKLELWRUVXVHGLQ WKLVVWXG\ LQFOXGLQJ6%),FDW
6%),FDW6%),FDW
DQG6%),FDW&ZHUHSXUFKDVHGIURP&KHP'LY
GLVVROYHG LQ '062 DQG VWRUHG DW ±Û& 7KH ZRUNLQJ
concentration of DMSO for all in vitro assays was 0.1% (v/v). 
/LJDQGELQGLQJDVVD\
The fatty acid-binding ability of wtrFABP5 was 
H[DPLQHG E\ XVLQJ WKH '$8'$ GLVSODFHPHQW DVVD\
which used fatty acids and different chemical compounds 
WR UHSODFH WKHÀXRUHVFHQWO\ ODEHOOHG IDWW\DFLGDQDORJXH
'$8'$ &D\PDQ 7KH GLVVRFLDWLRQ FRQVWDQW K
d
) 
of wtrFABP5 was measured by titrating different 
FRQFHQWUDWLRQVRI'$8'$±0 WRD VROXWLRQRI
3 µM wtrFABP5 in PBS. For calculation of K
d
 values, 
the excitation and emission wavelengths used were 
345 and 530 nm, respectively. For each experiment, the 
ÀXRUHVFHQFHGDWDZHUHQRUPDOL]HGWRWKHSHDNÀXRUHVFHQW
intensity [54], and then subtracted from the data of 
VDPSOHVZLWKRXWSURWHLQ7KHGDWDZHUH¿WWHGE\QRQOLQHDU
regression using GraphPad Prism software to a saturation 
binding curve model to estimate the apparent dissociation 
constant (K
d
DQGPD[LPDOÀXRUHVFHQFHLQWHQVLW\B
max
). 
The inhibition constant (K
i
) was measured to determine the 
potency of different fatty acids (Linoleic, Oleic, Palmitic 
DFLG6LJPDDQGGLIIHUHQWLQKLELWRUV6%),6%),
6%), DQG 6%), WR ZWU)$%3 E\ WKHLU DELOLW\ WR
GLVSODFH'$8'$7KUHH0ZWU)$%3ZDV LQFXEDWHG
ZLWK0'$8'$LQ3%6LQWKHSUHVHQFHRUDEVHQFH
of each fatty acid or each chemical inhibitor in different 
FRQFHQWUDWLRQV±0/RVVRIÀXRUHVFHQFHLQWHQVLW\
ZDVPHDVXUHGZLWK9DULRVNDQ)ODVKDQGWKHGDWDZHUH¿WWHG
by nonlinear regression using GraphPad Prism software to 
DRQHVLWHELQGLQJDI¿QLW\PRGHOWRHVWLPDWHWKHELQGLQJ
DI¿QLW\7KHK
i 
of each ligand was determined using the 
HTXDWLRQK
i 
= IC
50
'$8'$FRQFHQWUDWLRQ K
d
). The 
lead compound and the best fatty acid that produced the 
KLJKHVWELQGLQJDI¿QLW\ZHUHWKHQDGGHGWRWKHDVVD\DW
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)LJXUH(IIHFWVRI6%),RQOHYHOVRIELRORJLFDOO\DFWLYH33$5ȖRUSKRVSKRU\ODWHG33$5ȖS33$5ȖDQGS33$5ȖLQ SURVWDWH FDQFHU FHOOV (A:HVWHUQ EORW RI 33$5Ȗ H[SUHVVLRQ LQ EHQLJQ DQG PDOLJQDQW SURVWDWH HSLWKHOLDO FHOOV B) Quantitative 
DVVHVVPHQWRIOHYHOVRI33$5ȖLQEHQLJQDQGPDOLJQDQWSURVWDWHHSLWKHOLDOFHOOV7KHOHYHORI33$5ȖLQWKHEHQLJQSURVWDWH317FHOOVZDV
set at 1; levels in the other prostate cell lines were obtained by comparison with that in PNT2. (C:HVWHUQEORWDQDO\VLVRIS33$5ȖDQG
 S33$5ȖLQEHQLJQDQGPDOLJQDQWSURVWDWHHSLWKHOLDOFHOOVD4XDQWLWDWLYHDVVHVVPHQWRIWKHOHYHOVRIS33$5ȖDQG
 
S33$5ȖLQSURVWDWH
FHOOV/HYHOVRIS33$5ȖDQGLQEHQLJQ317FHOOVZHUHVHWDWOHYHOVLQWKHRWKHUSURVWDWHFHOOVZHUHREWDLQHGE\FRPSDULVRQZLWKWKRVH
in PNT2. (E(IIHFWRIKWUHDWPHQWVZLWK6%),33$5ȖDQWDJRQLVW*:DQG33$5ȖDJRQLVW5RVLJOLWD]RQHRQOHYHOVRIS33$5Ȗ
and 2 in PC3-M cells. ()4XDQWLWDWLYHDVVHVVPHQWRIS33$5ȖDQG
 
OHYHOVLQ3&0FHOOVDIWHUWUHDWPHQWVZLWK6%),*:DQG
5RVLJOLWD]RQH/HYHOVRIERWKS33$5ȖDQGLQXQWUHDWHG3&0FHOOVZHUHVHWDWOHYHOVLQWKHRWKHUWUHDWHGFHOOVZHUHREWDLQHGE\
comparison with those in untreated PC3-M. (*(IIHFWRIKWUHDWPHQWVZLWKZWU)$%3DQG6%),RQOHYHOVRIS33$5ȖDQGLQ59
cells. (+4XDQWLWDWLYHDVVHVVPHQWRIOHYHOVRIS33$5ȖDQG
 
LQ59FHOOV/HYHOVRIERWKS33$5ȖDQGLQWKHFRQWUROZHUHVHWDW
OHYHOVLQWKHRWKHUWUHDWHGFHOOVZHUHREWDLQHGE\FRPSDULVRQZLWKWKRVHLQFRQWUROV)RUHDFK:HVWHUQEORWDQWLȕDFWLQZDVLQFXEDWHGZLWK
the same blot to normalize for possible loading errors. Results (mean ± SE) were obtained from 3 separate experiments and the differences 
EHWZHHQWKHFRQWURODQGWKHWUHDWPHQWVLQHDFKH[SHULPHQWZHUHDVVHVVHGE\WDLOHGXQSDLUHG6WXGHQW¶Vt test. *P < 0.05; **P < 0.001. 
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&HOOYLDELOLW\DQGSUROLIHUDWLRQDVVD\
3&0FHOOVî4) were plated in triplicate in 96 well 
plates and incubated overnight. Cells were treated with different 
FRQFHQWUDWLRQVRI6%),±0IRUK&HOOYLDELOLW\
was assessed using MTT assay, as described previously [12]. 
The anti-proliferative effect of the best concentration for 
6%),ZDVGHWHUPLQHGDIWHUGD\VRIWUHDWPHQW
0LJUDWLRQDVVD\
:RXQG KHDOLQJ PLJUDWLRQ DVVD\ ZDV FDUULHG RXW
WR HYDOXDWH WKH HIIHFW RI 6%), RQ WKH PLJUDWRU\ UDWH
RI3&0FHOOV:RXQGVZHUHJHQHUDWHGE\ VFUDWFKLQJ
WKHPRQROD\HUFHOOVZLWKDEOXHSLSHWWHWLS7KHÀRDWLQJ
cells were removed by washing with PBS and inhibitors 
were added to the culture medium. The wound was 
photographed under the microscope at 0, 12 and 24 h 
after treatment and the wound widths were assessed by 
TXDQWLWDWLYHDQDO\VLVXVLQJ,PDJH-VRIWZDUH
,QYDVLRQDVVD\
PC3-M cells in serum-free medium were seeded 
in the upper Boyden chamber (BD Biosciences) in 
WULSOLFDWHDWDGHQVLW\RIî4 cells per well in serum-
free medium. Complete medium was added to the lower 
FKDPEHUV$IWHUKRXUVRILQFXEDWLRQ06%),
was added to the upper chambers. After 24 h of incubation, 
cells that invaded the lower chambers were stained with 
crystal violet and counted with a cell counter.
6RIWDJDUDVVD\
Low melting agarose was seeded in 6-well plates 
DQGî4 cells/well layered on agar, followed by 200 µl 
RIPHGLXPDORQHRUPHGLXPZLWK)$%3LQKLELWRU6%),
Colonies larger than 300 µm in each well were counted 2 
weeks later in a similar way to that described previously [12].
1XGHPRXVHDVVD\WRWHVWWXPRULJHQLFLW\DQG
PHWDVWDVLV
PC3-M cells were transfected with the pGL4.50 
[luc2/CMV/Hygro] vector (Promega) using FuGene 
HD transfection reagent (Promega) following the 
PDQXIDFWXUHU¶V LQVWUXFWLRQV ,QGLYLGXDO FRORQLHV ZHUH
isolated by ring cloning and 3 colonies that stably-
expressed the highest bioluminescence signals were 
LGHQWL¿HGXVLQJ'OXFLIHULQ3URPHJDZLWKD9DULRVNDQ
)ODVK 5HDGHU 7KHUPR 6FLHQWL¿F $VVRFLDWLRQ RI WKH
luminescence intensity with the number of cells was 
DVVHVVHGE\DQ,9,6LPDJLQJV\VWHP3HUNLQ(OPHU&HOOV
î5) from PC3-M- luc2 colony were suspended in 
30 µL PBS and orthotopically implanted into the dorsal 
SURVWDWHRIPDOH%DOEFQXGHPLFH&KDUOHV5LYHU8.
(810 weeks old), as described previously [55]. One week 
later, tumour-bearing mice were divided into 2 groups 
(8 each) and subjected to the following intraperitoneally 
LQMHFWLRQV  FRQWURO ZLWK 3%6  6%), PJNJ
,QMHFWLRQVZHUHUHSHDWHGHYHU\WZRGD\VIRUGD\VDQG
WKHPHWDVWDWLFORFLZHUHPRQLWRUHGZHHNO\XVLQJWKH,9,6
after mice were subcutaneously injected with D-luciferin 
(150 mg/kg). Bioluminescence images was analysed 
XVLQJ WKH /LYLQJ ,PDJLQH VRIWZDUH ;HQRJHQ DQG WKH
measurement recorded was based on total photons/second 
SVZLWKLQHDFKGH¿QHGUHJLRQRILQWHUHVW
1XGHPRXVHWXPRULJHQHFLW\DVVD\
3&0 FHOOV  î 6) in 200 µL PBS were 
VXEFXWDQHRXVO\LQMHFWHGLQWRWKHULJKWÀDQNUHJLRQRIWKH
mouse (68 week old) to test the suppressive effect of the 
LQKLELWRUVRQWXPRULJHQLFLW\,QWKH¿UVWURXQGJURXSV
of mice (8 each) were used: 1) control with PBS; 2) 1mg/
NJ6%),LQMHFWHGIURPWKHst day after cell inoculation; 
PJNJ6%), LQMHFWHG IURP WKHth day after cell 
LQRFXODWLRQ,QWKHVHFRQGURXQGJURXSVRIPLFHHDFK
were used and at 7 days after the cell inoculation, each 
group was subjected to different intra-tumoural injections: 
FRQWUROZLWK3%633$5ȖDQWDJRQLVW*:PJ
kg) (Sigma). The injections were repeated every 2 days for 
30 days, tumour size was measured every 34 days and 
WKHYROXPHFDOFXODWHGE\WKHIRUPXODRI/î:î+î
>@:RUNZDVSHUIRUPHGLQDFFRUGDQFHZLWK8.&&&5
JXLGHOLQHVXQGHU+RPH2I¿FH/LFHQVH33/
)DWW\DFLGXSWDNHDVVD\
Assay for fatty acid uptake was performed using red 
ÀXRUHVFHQFHODEHOOHG %2',3< >@ 7KH ÀXRUHVFHQFH
intensity from cells before and 30 minutes after adding 
%2',3<ZDVPHDVXUHGWRGHWHUPLQHIDWW\DFLGXSWDNH
,Q LQKLELWLRQ DQG FRPSHWLWLRQ H[SHULPHQWV GLIIHUHQW
FRQFHQWUDWLRQVRIXQODEHOOHGOHDGFRPSRXQG6%),±
0ZLWKWKHVDPHFRQFHQWUDWLRQRIODEHOOHG%2',3<
were added directly to the highly malignant PC3-M cells.
6WDWLVWLFDODQDO\VLV
6WXGHQW¶V t-test was carried out using GraphPad Prism 
software to compare the differences of the means between 
control and experimental groups. All in vitro experiments 
were conducted in triplicate and repeated at least three 
WLPHV 7KH GLIIHUHQFH LV UHJDUGHG DV VLJQL¿FDQW ZKHQ
p < 0.05; in the results, p value is represented by asterisks 
as follows:  *P < 0.05; **P < 0.001; ***P < 0.0001.
$&.12:/('*0(176$1')81',1*
:HZRXOGOLNHWRWKDQNWKHFROOHDJXHVLQ%68DQG
WKH&HQWUHIRU3UHFOLQLFDO,PDJLQJRI/LYHUSRRO8QLYHUVLW\
IRUWKHWHFKQLFDODVVLVWDQFHRQDQLPDOZRUNDQGRQ,9,6
:DVHHP$O-DPHHOLVVXSSRUWHGE\DVFKRODUVKLSIURPWKH
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+LJKHU&RPPLWWHHIRU(GXFDWLRQDO'HYHORSPHQWLQ,UDT
+&('6RPHFRVWVZHUHPHWE\DMRLQW;*DQG<.
,QWHUQDWLRQDO &RRSHUDWLRQ JUDQW IURP WKH 6FLHQFH DQG
Technology Department, Sichuan Province, China (Grant 
Number: 2016HH0012). 
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